The electrocardiograms of 538 patients with acute myocardial infarction were searched to identify all instances of atrioventricular (A-V) and intraventricular (I-V) conduction disturbances. Data conceming mode of therapy and clinical complications were obtained by review of the record. These variables were then analyzed for significance in relation to the development of type II A-V block acutely and syncope or sudden death during the first year of follow-up.
heart disease.3 Efforts to reduce this mortality will require the identification of subgroups of patients at high risk for sudden death for testing the efficacy of various types of therapy. These efforts include several approaches: epidemiologic surveys,4-7 mobile coronary care units,8 detection of premature ventricular beats,9-12 and treatment with antiarrhythmic drugs. 3' 13 This report describes the use of the 12-lead electrocardiogram obtained during the acute phase of myocardial infarction to identify risk groups for sudden death in follow-up after myocardial infarction. We also report the use of the electrocardiogram as a predictor of type II atrioventricular (A-V) block14 during the acute infarction, and the intimate relation of acute type II block to sudden death in follow-up. Finally this study reports our experience with pacemakers, both in acute type II block and in the subsequent year. In particular, we wish to note the apparent protective effect of permanent pacemaker therapy against sudden death during the first year of follow-up in a selected subgroup of high-risk patients.
Methods
The study was designed to include the following: (1) Data on all patients admitted to the Duke Coronary Care Unit with a documented myocardial infarction during the 5-year period of December, 1965 through December, 1970. (2) Analysis of A-V conduction. A-V blocks were coded by degree (first, second, or third) to indicate the amount of block, and higher degrees of A-V block were coded by type. In the presence of changing cycle lengths, a changing P-R interval indicated type I block, while a constant P-R relationship indicated type II block. In all instances of A-V block, no final decision as to type was made until a rhythm strip showing changes in cycle length was seen. (3) Analysis of intraventricular conduction according to the fascicular block concept of Rosenbaum et al. 15 and the periinfarction block (PIB) concept of First et al. '6 (4) Identification of the use of both temporary and permanent pacemakers. (5) Evaluaton of the degree of heart failure both initially and subsequently during the hospital course. (6) Complete follow-up of the patient population for 1 year after the acute myocardial infarction.
The majority of these patients were admitted to the CCU because of a clinical history of chest pain which suggested acute myocardial infarction. A definite diagnosis was made if there were accompanving evolutionary electrocardiographic changes and/or characteristic changes of the serum enzymes. The enzymes included the serum glutamic-oxaloacetic transaminase, the serum glutamic-pyruvate transminase, lactic dehydrogenase, creatine phosphokinase and, more recently, the isoenzymes of creatine phosphokinase and lactic dehydrogenase. Ninety-five percent of the patients in the study had enzyme changes considered diagnostic of myocardial infarcton, i.e., transiently elevated values which subsequently fell to normal in the absence of other possible causes for the elevation.
All available electrocardiograms from the 538 consecutive monitored patients with proven myocardial infarction were reviewed. Whenever possible, tracings antedating the infaretion were included in the review. Each patient had a daily 12-lead electrocardiogram in addition to frequent rhythm strips while on the CCU (average 5 days). These tracings were interpreted in the following manner:
(1.) The status of A-V conduction was noted, and abnormalities were coded as old, acute, and/or present at discharge. Abnormalities were coded as acute only when electrocardiograms taken within the past year demonstrated their absence. First degree A-V block required a P-R interval greater than 0.20 sec. If a higher degree of A-V block occurred, the degree, type, and duration (transient or prolonged) were noted. If a higher degree of A-V block occurred in the presence of atrial fibrillation, it was handled as follows: in the presence of an acute posterior or diaphragmatic infarction and QRS duration of less than 0. 12 The group categorized as dying suddenly of unknown cause excluded all patients in whom the death (though sudden) was the end result of a gradually deteriorating clinical situation, e.g., refractory congestive heart failure. No attempt was made to define the status of the patient with regard to angina preceding death, and in no case did the time interval from the onset of symptoms to death exceed 24 hours. Approximately 90% of the follow-up data for patients dying in the study period was obtained by personnel without specific knowledge of the conduction disturbance, although no attempt was made to "blind" this part of the study. All information regarding the circumstances surrounding the patient's death was from an immediate observer or an attending physician. If enough information was not provided by these observers and the death occurred in a hospital, the records of the hospitalization were obtained. In seven cases (one with PIB, one with fascicular block, and five with no IVCD) all sources of information did not provide sufficient data to determine the circumstances surrounding the death. There was no standard time interval between death and subsequent contact for follow-up information. One patient was lost to followup in the first year.
Patients with duplicate admissions were handled in the following manner. For acute data, each admission was counted as a separate infarction; for follow-up data in patients with nonfatal infarctions and no IVCD, the first admission only was analyzed; for follow-up of patients with IVCD, the admission showing the greatest degree of nonfatal IVCD was analyzed. Thirty-six patients had two admissions, five patients had three admissions, and one patient had four admissions.
The 538 infarcts in this report occurred in 1,178 CCU admissions for possible myocardial infarction, for a definite infarct-to-admission ratio of 46%.
The difference in the incidence of events between Circulation, Volume XLVII, Apfil 1973 different groups was tested for significance utilizing two-way tables and the standard chi-square distribution. In a few instances, other statistical tests were used. These are noted in relevant sections of the Results section.
Results
The average delay times from onset of symptoms to arrival at the hospital and the incidence of transfer from other hospitals were not available on the entire population. In 223 consecutive patients, however, the average delay time was 10.9 hours, with a median delay of less than 4 hours. Ten percent of these patients were transferred from another hospital. Figure 1 presents the overall clinical class data (both initial and subsequent) and mortality rates for initial class categories. Fifty-two percent of the patients had no failure on admission and 42% remained free of failure (i.e., class I initially and subsequently). Thirty-one percent of the patients were in mild failure (class II) initially and 34% subsequently. Eight percent of the patients were in pulmonary edema (class III) initially and 6% subsequently. Nine percent of the patients were in cardiogenic shock (class IV) on admission, and 18% developed this complication subsequently. The mortality rate increased with increasing degrees of failure on admission, with a 6%, 21%, 51%, and 75% mortality for classes I-IV, respectively. (fig. 2C ). In each, an effort was made to relate this clinical descriptor of heart failure to the absence or presence (and type) of IVCD. The group of patients with no IVCD, in comparison to the groups with IVCD, had significantly less failure both on admission (P <0.01) and subsequently (P < 0.01) and a correspondingly lower hospital mortality. While the groups with IVCD had significantly more failure initially and subsequently, it should be noted that the majority of these patients were clinical class II or better, both on admission (76%) and subsequently (65%), and compared favorably with the same class data for patients without IVCD on admission (88%) and subsequently (82%). Absent or mild failure, despite the presence of an IVCD, identified a group of patients with significantly lower hospital mortality. For example, patients with IVCD who were initially class I had a mortality rate of 11%, a figure not significantly different from the 5% mortality rate of other class I patients, but significantly less (P< 0.01) than the 38% mortality of patients with IVCD and some degree of failure. Table 2 gives a breakdown of the incidence, age, and acute mortality of the various combinations of fascicular block. They are grouped according to the theoretic extent of fascicular involvement. The rationale for separating patients with adjacent fascicular block on the basis of P-R interval is supported by the difference in incidence of type II A-V block. Thirty-three patients had evidence of involvement of one fascicle (i.e., RBBB, LAHB, or LPHB). Forty-six patients had a normal P-R interval and block in two of three adjacent fascicles manifest as either left bundle-branch block (29 patients) or right bundle-branch block and left anterior hemiblock (17 patients). Block involving these fascicles is termed "adjacent fascicular block" in the remainder of this paper. Twenty-one patients A. had adjacent fascicular block plus P-R prolongation (12 with LBBB and nine with LAHB + RBBB), while 16 patients had LPHB + RBBB (14 patients) or alternating bundle-branch block (two patients).
Block of these types is termed "nonadjacent fascicular block" in the remainder of this paper. In general, the patients with only one fascicle involved tended to be younger (mean age 59.2 years), but there was no statistically significant difference by the univariate analysis of variance test in comparison to the ages of those with more than one fascicle involved (mean age 65.8 years). Likewise, there was no significant difference in the hospital mortality whether the fascicular block was old or acute, or whether one, two adjacent, or two nonadjacent fascicles were involved. Table 3 summarizes the incidence of type II A-V block in the hospital. Again, the patients are grouped according to the theoretic extent of fascicular involvement (risk of sudden A-V block vs the status of intraventricular conduction). The lowest incidence of type II progression was noted in the patients with no IVCD and those with PIB (2% and 3%, respectively). In the 33 patients who had one fascicle involved, three (9%) progressed. Of the 46 patients with adjacent fascicular block with a normal P-R interval, five (11%) progressed. At highest risk were the patients with nonadjacent fascicular block and the patients with adjacent fascicular block plus P-R prolongation. Of the 37 patients in this group, 13 is accounted for by the increasing incidence of sudden death (column 4). Some of the subgroups composing the three risk levels were rather small (e.g., ICLBBB had only four patients), and the current categorization is considered temporary pending accumulation of larger numbers of patients. At low risk were the 263 patients with no IVCD, the five patients with RBBB, the 11 patients with LAHB, and the 11 patients with LAHB + RBBB but a normal P-R interval. Of this total group of 290 patients, 33 (11%) died during the first year of follow-up, of which 23 In the 15 remaining patients with a high-risk ECG pattern, the IVCD was permanent, and eight patients (53%) experienced sudden death (seven patients) or syncope (one patient). While these differences are not significant (P> 0.05), it should be noted that the groups are small and the relation of persistence of the IVCD to the risk of syncope/sudden death in follow-up will bear reanalysis pending the accumulation of larger numbers of patients. Figure 3 is a Venn diagram of the entire population of survivors of acute infarction followed for 1 year which is subdivided according to the presence or absence of three variables: (1) more than one old myocardial infarction, (2) the development of pulmonary edema or cardiogenic shock during hospitalization, and (3) a high-risk electrocardiographic pattern. This is an attempt to relate conduction status to other parameters which reflect the severity of coronary artery disease. Of the 32 incidents of syncope or sudden death, only 11 occurred in the 309 patients who had none of these variables, whereas 21 occurred in the 77 patients with one or more of the three variables. By Bennett's multinomial maximal likelihood technic.20
we were unable to assign a statistically significant label to any one of the three variables (P> 0.05). It is of interest, however, that, of the 10 patients with a high-risk ECG pattern plus another variable, six (60%) had died suddenly by 1 year whereas, of the 51 patients with some combination of the other two variables, 11 (20%) died suddenly. These differences in the incidence of sudden death are significant (P < 0.02) by the standard T test of proportions. The mean age of patients dying suddenly in follow-up is not significantly different from that of the total population of survivors. Table 5 summarizes a select subgroup of patients, all of whom progressed to higher degrees of A-V block via a type II mechanism during their acute myocardial infarction. Sixteen of these patients had some form of fascicular block and one patient had periinfarction block. Of the 10 Figure 3 The rectangle represents the total population of 386 survivors discharged without a pacemaker, while the circles represent population subgroups with one of the three labeled variables. The areas of overlap represent patients with both variables. The denominator of each fraction indicates the total number of patients in that subgroup, while the numerator indicates the number of patients experiencing syncope or sudden death. Note that 11 sudden deaths occurred in the 26 patients with a high-risk ECG pattern and nearly half (five of 11) of these sudden deaths occurred in patients with a high-risk ECG alone.
found to have the transvenous pacemaking wire within a well-endothelialized tract in the right atrium. In one of the two patients experiencing syncope, the episodes were proven to be related to periods of increased A-V block with asystole. Five patients were alive at the end of 1 year but, during the second year of follow-up, three more of these have died: one of refractory congestive heart failure and two suddenly. The data from this first group are in marked contrast to the second group which includes seven patients who progressed to higher degrees of A-V block via a type II mechanism and, 
